Introduction
It is well known that people have difficulties in recognizing an object from novel views as compared to learned views, resulting in increased response times and/or errors. This so-called viewdependency has been confirmed by many studies. In the natural environment, however, there are two ways of changing views of an object: one is to rotate an object in front of a stationary observer (object-movement), the other is for the observer to move around a stationary object (observer-movement). Note that almost all previous studies are based on the former procedure. Simons et al. [2002] criticized previous studies in this regard and examined the difference between object-and observer-movement directly. As a result, Simons et al. [2002] reported the elimination of this view-dependency when novel views resulted from observermovement, instead of object-movement. They suggest the contribution of extra-retinal (vestibular and proprioceptive) information to object recognition. Recently, however, Zhao et al. [2007] reported that the observer's movement from one view to another only decreased view-dependency without fully eliminating it. Furthermore, even this effect vanished for rotations of 90
• instead of 50
• . Larger rotations were not tested. The aim of the present study was to clarify the underlying mechanism of this phenomenon and to investigate larger angles of view change (45 -180
• , in 45 • steps).
Experiments and Results
Two experiments were conducted using an eMagin Z800 3D Visor head-mounted display that was tracked by 16 Vicon MX 13 motion capture cameras. An upright cylinder with viewing windows was located on a round table in the virtual world. All target objects were presented inside the cylinder. Two movement conditions were compared with each other -object-movement and observer-movement. Both experiments consisted of learning, movement and test phases. In the learning phase, the window opened for a short period of time and observers learned an object inside. In the movement phase, the observer moved to the next window on the observer-movement condition. For the object-movement condition, the object was either rotated or replaced by a different object. In the test phase, the window opened again and observers were asked to judge whether or not the object inside was the same as the learned object (sequential same/different task). Five novel objects and five mirrorreversed versions of these objects were created by smoothing the edges of Shepard-Metzler's objects. A mirror-reflected version of the learned object was used as a distractor in Experiment 1 (N =13), whereas one of the other (i.e., not mirror-reversed) objects was randomly selected on each trial as a distractor in Experiment 2 (N =15). * e-mail:wataru.teramoto@tuebingen.mpg.de † e-mail:bernhard.riecke@tuebingen.mpg.de We found almost the same results in both experiments. Errors initially increased as a function of view change, reached a maximum around 135
• in Experiment 1 (F3,36 = 4.42, p<.01) and 90
• in Experiment 2 (F3,42 = 8.14, p<.001), and began to drop when approaching the rear view (180
• ) of the objects. This relationship was also found in the difficulty ratings in both experiments and in the reaction times in Experiment 1 (F3,36 = 7.14, p<.001), but not in Experiment 2 (F3,42 = 1.75, n.s.). Together, this indicates viewdependency. The pattern of errors for the two movement conditions was, however, clearly different, with the observer-movement condition producing fewer errors across all angles than the objectmovement condition in both experiments (F1,12 = 7.96, p<.02 in Experiment 1, F1,14 = 3.88, p<.07 in Experiment 2). No interaction between movement conditions and angles of view change was found for any of the dependent variables. This suggests a similar advantage of observer movements, independent of the angles of view change.
